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MODULATION SIGNATURE TRIGGER 

BACKGROUND 

Embodiments of the present invention relate to test and 
measurement instrumentation, and more particularly to pro 
viding a trigger signal based upon a detection criteria. 

Referring noW to FIG. 1 (prior art), a real-time spectrum 
analyZer 10 is shoWn having an input processor 20 for receiv 
ing an input RF signal, or other signal of interest. The input 
processor 20 typically includes a loWpass ?lter 22 followed 
by a mixer 24 that converts the ?ltered input signal to an 
intermediate frequency (IF) signal using a local oscillator 26. 
The IF signal is passed through a bandpass ?lter 28 and then 
input to an analog-to-digital (A/D) converter 30 to provide a 
digital signal for further processing. The digital signal is input 
to a digital IF quadrature processor 31 to derive In-phase (I) 
and Quadrature-phase (Q) signals from the digital signal. The 
I and Q signals are input to a processor 32 for real-time 
processing for display on a monitor 34, Which provides a 
representation of frequency vs. time. The I and Q signals are 
also input to an acquisition memory 36 and to a trigger gen 
erator 40. When the trigger generator 40 detects an event, a 
trigger is generated that causes acquisition memory 36 to hold 
data from before, after and/or during the trigger event for 
subsequent processing. Subsequent processing may be per 
formed by the processor 32, or by additional processors (not 
shoWn). The subsequent processing may be used for real-time 
analysis or non-real-time analysis, such as post process analy 
sis. The processor 32 may be implemented as a digital signal 
processor (DSP), an ASIC, an FPGA, or a general purpose 
processor, such as those used in general purpose, or personal 
computers. 

In response to speci?ed conditions that de?ne a trigger 
event, the trigger generator outputs a trigger signal. A 
memory controller is said to capture I-Q data in response to 
the trigger signal. In some embodiments, the act of acquiring, 
or capturing, I-Q data is accomplished by holding data that is 
already stored in the memory, such that it Will not be over 
Written during the normal acquisition process. In other 
embodiments, the I-Q data may be transferred from a tempo 
rary memory, into a more permanent memory, or other stor 
age medium for sub sequent processing. Depending upon the 
desired action, I-Q data from some period prior to the trigger 
signal, some period subsequent to the trigger signal, or a 
combination thereof, may be captured, or stored, in response 
to the trigger signal. In some embodiments, the I-Q data 
corresponding to the signal that met the de?ned trigger event 
are also captured and stored. 

The Word trigger may generally refer interchangeably to 
the trigger circuit, the trigger signal, and in some instances the 
type of signal event that results in a trigger signal. Triggers are 
becoming more and more sophisticated as modern commu 
nications systems have become more complex. There is a 
groWing desire to identify a variety of signals, or signal 
anomalies, that occur very infrequently in signals that may be 
present for very long periods of time. In these systems, While 
a problem may be knoWn to exist, the source of the problem 
may be dif?cult to isolate or identify. This is especially true 
When the problem is intermittent. Long data records, on the 
order of hours or even day, may have to be examined to try to 
?nd the data corresponding to an event. 

As signals become more complex, simple level triggers in 
the time domain, and even frequency mask triggers in the 
frequency domain are insu?icient for providing the ability to 
trigger on more complex signals, or signal anomalies. 
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2 
SUMMARY 

Accordingly a test and measurement instrument is pro 
vided comprising a modulation signature trigger. The modu 
lation signature trigger provides a means for comparing an 
input signal against a modulation signature, such as a mag 
nitude signature or a phase signature. A detector compares the 
magnitude values, or phase values against a corresponding 
modulation signature. When a match is indicated, such as by 
an error computation being produced that is Within a thresh 
old value, a trigger signal or other indication is produced. In 
some embodiments, the signal under test may be captured, or 
acquired, based upon the trigger signal. In other embodi 
ments, a marker may be associated With stored signal data 
When a match is indicated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 (prior art) shoWs a test and measurement instrument 
in the form of a real-time spectrum analyZer. 

FIG. 2 illustrates a modulation signature trigger using a 
magnitude signature. 

FIGS. 3A and 3B illustrate an idealiZed comparison of a 
signal With a signature. 

FIG. 4 illustrates a comparison based upon discrete 
sampled data points. 

FIG. 5 illustrates a modulation signature trigger using a 
phase signature. 

FIG. 6 illustrates a modulation signature trigger using the 
difference betWeen the phase values of a signal under test and 
the phase signature. 

FIG. 7 illustrates a modulation signature trigger as shoWn 
in FIG. 6, further providing a magnitude signature to provide 
Weighting factors. 

FIG. 8 is a How diagram of an embodiment of the present 
method based upon a magnitude signature. 

FIG. 9 is a How diagram of an embodiment of the present 
method based upon a phase signature. 

FIG. 10 is a block diagram illustrating the use of a trigger 
generator for post process analysis. 

DETAILED DESCRIPTION 

A real time spectrum analyzer, according to an embodi 
ment of the present invention, has the ability to capture, or 
acquire, a set of I and Q data samples as the result of a 
triggering event. In an embodiment of the present trigger 
system, a trigger event can be based upon Magnitude-Phase 
data set. A user can provide an expected or desired Waveform 
in the time-domain before the measurement and the instru 
ment compares the incoming data samples and evaluates 
Whether there is a match With the provided Waveform for each 
sample. 

FIG. 2 illustrates a trigger generator 40 based on compar 
ing magnitude data. A trigger based on magnitude data is Well 
suited to ?nding a particular signature Within an amplitude 
modulated signal (AM signal). In one embodiment, a magni 
tude processor 52 computes the magnitude based upon the 
I-signal and the Q-signal data samples to provide magnitude 
values for comparison against the user provided Waveform. 
The magnitude values are provided to a shift register 54 that 
shifts the magnitude values so that are compared against a 
magnitude signature 56 that Was provided, or selected, by the 
user. A comparison is made to determine the presence or 
absence of a match each time the magnitude values are 
shifted. This alloWs the incoming magnitude to be effectively 
moved across the desired pattern to see if there is a match With 
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the desired magnitude signature. The detector 58 computes a 
sum of the squared magnitude errors. If everything Was ideal 
and the incoming signal Were exactly the same as the signa 
ture, the result of the magnitude errors Would be zero. HoW 
ever, When dealing With real World signals a threshold is used 
so that When the result is suf?ciently close to zero a compara 
tor 60 generates a trigger signal. The threshold value may be 
predetermined for the instrument, or alternatively the user 
may set the threshold value. If the threshold value is set too 
high the trigger generator 40 Will trigger on false positives. If 
the threshold value is set too loW desired signals may be 
missed. 

When making measurements, the magnitude values from 
the signal under test (SUT) are not necessarily at the same 
scale as the magnitude signature. The signal under test can be 
scaled, have some constant level shift, or both, relative to the 
signature. Accordingly, in an embodiment of the present trig 
ger system, the detector 58 provides a scaling factor and 
scales the magnitude signature so that the incoming signal 
and the scaled magnitude signature are matched. In one 
embodiment, the scaling factor is estimated to minimized the 
estimation error (vector e). In another embodiment, a shift 
level is estimated to minimize the estimation error. In a further 
embodiment both a scaling factor and a shift level are esti 
mated to minimize the estimation error. In one embodiment of 
the present invention, a Least Squares Estimator is used to 
?nd this scaling factor. For example, the folloWing formula 
can be used as a basis for minimizing the error: 

yo X0 1 60 

yr X1 1 61 
a 

= + 

b 

yNil xNil 1 eNil 

Where the sampled signal is vector y, the signature is vector x, 
the scaling factor is a, the constant level shift, or offset, is b. 
This error may also include thermal noise in the signal. In an 
alternative embodiment, the incoming signal is scaled and/or 
offset to match the magnitude signature. 

FIGS. 3A and 3B shoWs an idealized comparison to illus 
trate the basic operation of an embodiment of the present 
invention. In FIG. 3A an input signal corresponding to an 
idealized signal under test is compared against a modulation 
signature, Which could be either magnitude or phase. The 
input signal is moved across the signature until the region of 
the input signal that corresponds to the modulation signature 
is aligned With the modulation signature, as shoWn at FIG. 3B. 
At this point, in the ideal case the tWo signals Would match 
identically, producing an error computation of zero, Which 
Would then be used to provide a trigger signal. In the ideal 
case, the comparison Would be done using a continuous time 
signal and a continuous signature. In reality, this is impracti 
cal. When measuring signal under test there may be unknown 
factors such as scaling and constant level shift, because the 
signal under test is not generated by the measurement instru 
ment, and in some cases the user may not have control of the 
source of the signal under test. Furthermore, since it is 
impractical to provide a comparison of continuous signals 
and signature, the signal is sampled, producing a sequence of 
points that are then compared to the signature, as shoWn in 
FIG. 4. As shoWn, in FIGS. 3 and 4, the input signal under test 
is moved over the signature until a match, if any, is detected. 
This operation corresponds to the shift register 54 of FIG. 2 
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4 
shifting the signal values. This Would alloW the input signal to 
be shifted as neW signal values are received. In an alternative 
embodiment, portions of the signal under test could be pro 
vided and the signature could be shifted to locate a match. 
Once a match is found, a trigger signal is generated to 

identify or acquire the signal. In some embodiments the sig 
nal under test is being Written to an acquisition memory or 
other storage as I and Q signal, and the trigger signal causes 
this memory to be saved, rather than overWritten. In a further 
embodiment, the trigger signal may cause the relevant portion 
of the acquisition memory to be stored to a longer term 
storage device such as a hard drive. Depending upon the 
settings, the trigger signal may cause signal information from 
before, during, and/or after the trigger causing event to be 
acquired, or saved. In an embodiment of the present inven 
tion, signal information related to the portion of the signal 
under test that caused the trigger signal to be produced is 
acquired. 

In another embodiment, shoWn in FIG. 5, phase informa 
tion is used as the basis for the trigger. This type of trigger 
Would be useful for example to trigger on the signature of a 
frequency modulate (FM) signal. The magnitude trigger 
described above is inadequate for FM signals, because FM 
signals have a more constant magnitude envelope. HoWever, 
the phase information can be used to provide a signature 
trigger for FM signals. As shoWn in FIG. 5, phase values are 
produced in a phase processor 62 based upon I and Q input 
signals obtained from the signal under test. The phase values 
are provided to a shift register 54 that shifts the phase values 
so that they are compared against a phase signature 66 that 
may be provided, or selected, by a user. A comparison is made 
to determine the presence or absence of a match each time the 
phase values are shifted. This alloWs the incoming phase 
values to be effectively moved across the desired pattern to 
see if there is a match With the phase signature. The detector 
68 provides a straight line ?t to the scaled phase signature and 
computes the error. If everything Were ideal, the result of the 
phase error Would be zero When there Was a match. HoWever, 
When dealing With real World signals, a threshold is used so 
that When the result is suf?ciently close to zero a comparator 
60 generates a trigger signal. As described above in connec 
tion With the magnitude signature trigger, the threshold value 
may be preset for the instrument, or the user may be able to 
de?ne the threshold value. 

For phase or frequency modulated signals, the modulation 
depth can be scaled or have some constant level shift. Fur 
thermore, there may be a frequency offset betWeen signal and 
signature. By estimating these possibly unknown parameters 
to minimize the estimation error a better comparison can be 
made With the phase signature. The folloWing relationship 
can be used to estimate a scaling factor, frequency offset, and 
constant phase shift (or offset): 

yo x0 10 1 20 

yr X1 I1 1 a 61 

: Af + 

b 

yNil xNil IN11 1 eNil 

Where, the sampled signal is vector y, the signature is vector 
x, time is vector t, scaling factor is a, frequency offset is Af 
constant phase shift (or offset) is b, and the error vector is e. 
As described above the signature vector x is being adjusted 

by estimating the appropriate scaling, frequency offset, and 
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phase shift values. As Would be understood by one skilled in 
the art, it Would be similarly possible to estimate similar 
values to scale the signal vector y instead. 

If the frequency deviation of a signal is known, such as in 
the case of Minimum Shift Keying (MSK) modulation, an 
alternative embodiment of the present invention provides a 
?xed scaling factor a reducing the number of factors that need 
to be estimated alloWing accuracy to be obtained more e?i 
ciently. The phase and frequency offset is used to identify the 
phase signature from the signal under test. As shoWn in FIG. 
6, the phase signature 66 is subtracted from the phase values 
stored in the shift register. The detector 78 performs a straight 
line ?t to the phase differences and computes the error. If the 
phase signature and the incoming signal match, the phase 
error is close to Zero. When the phase error is beloW a thresh 
old value, the comparator 60 Will produce a trigger signal. 

In several embodiments described above in connection 
With both magnitude signature and phase signature, a straight 
line ?t is computed as part of the detection. In embodiments 
of the present invention, a straight line is determined using a 
Least Square Estimation (LSE). Taking for example formulas 
having the same form: 

One can estimate the parameter vector, 6, by least square ?t to 
minimize the squared error. The estimator, 6, is 

QIHIHIHQQ’WIIICII can be solved to the equation: 

The resulting least squared error (LSE) is 

LSE: 2-2 
1 

Where I is the identity matrix. Finally, We can compare the 
LSE to a given threshold value to determine Whether to gen 
erate the trigger signal. 

Another embodiment of the present invention is shoWn in 
FIG. 7. A phase difference is used as the basis of the trigger 
calculation in the detector, similar to that described above in 
connection With FIG. 6. In the present embodiment, magni 
tude information is used to provide a Weighting factor for the 
phase detection. Using magnitude information to Weight the 
phase detection is useful because the effect of noise in phase 
information increases When the magnitude decreases. One 
Way to avoid the effects of a poor signal to noise ratio, is to 
place greater Weight on those values corresponding to higher 
signal magnitudes, Which tend to have better signal to noise 
ratios. The magnitude values used to provide the Weighting 
factors are provided by a magnitude signature 80 that relates 
to the corresponding the phase signature 66. In one embodi 
ment, a Weighted Least Square Estimation (WLSE) is used. 
Greater value is associated With those portions of the signal 
having a larger magnitude signature as opposed small mag 
nitude signature because the larger signal has better Signal to 

Noise Ratio (SNR). The estimator, ,, becomes: 

0 : mineT We 
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6 
Where W is a nonsingular symmetric matrix for Weighting. It 
is generally, inverse of error correlation matrix, R. In this 
case, the diagonal elements are the squared values of the 
magnitude signature and other elements are Zeros if We 
assume all error elements are independent each other. If the 
magnitude signature has the form, 

2 T 

milmoa m1, - - - , mNill , 

then the matrix W is 

m0 0 O 

0 mf 0 
W: 

The estimator, ,, is: é : (HTWH) ‘HTWy 

Where y is the phase difference vector. The LSE is obtained 
as: 

FIG. 8 illustrates a method of using a modulation signature, 
such as a magnitude signature, to identify When a portion of a 
signal under test matches the signature. As shoWn at step 810, 
magnitude values are obtained for a signal under test. These 
values could be obtained from an incoming signal, or from a 
storage medium. The magnitude values may be provided 
directly, or obtained by calculating them based on some other 
format such as I-Q data values. At step 820 the magnitude 
values are compared against the magnitude signature. In an 
embodiment of the present method, the comparison is 
achieved by shifting the magnitude values relative to the 
magnitude signature and comparing at each shift to see if 
there is a match that is Within a threshold value. In some 

embodiments, the magnitude values are shifted, While in 
other embodiments the magnitude signature is shifted. As 
indicated by the dashed lines, step 822 and 824 are optional. 
At step 822, the scale is adjusted so that the magnitude values 
and the magnitude signature are close to the same scale. This 
may be achieved by calculating a scale value that minimiZes 
the error computation. The shift value may be associated With 
either the magnitude values, of the magnitude signature. 
Similarly, at step 824, a relative offset is calculated. Once a 
comparison has been made, for example by calculating an 
error and comparing it to a threshold value, step 830 indicates 
that a portion of the signal under test matches the magnitude 
signature. In a ?rst embodiment, the indication is provided by 
producing a trigger signal. In an alternative embodiment, the 
indication is provided by associating a marker With the por 
tion of the magnitude values that correspond to the magnitude 
signature. 

FIG. 9 illustrates a method of using a modulation signature, 
such as a phase signature, to identify When a portion of a 
signal under test matches the signature. As shoWn at step 910, 
phase values are obtained for a signal under test. These values 
could be obtained from an incoming signal, or from a storage 
medium such as a hard drive, USB drive, ?ash memory, etc. 
The phase values may be provided directly, or obtained by 
calculating them based on some other format such as I-Q data 
values.At step 920, the phase values are compared against the 
phase signature. In an embodiment, the phase values and the 
phase signature are compared against each other directly, and 
an error computation is performed. In an alternative embodi 
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ment, the phase signature is subtracted from the phase values 
and a straight line ?t is performed to compare the values 
against each other. In an embodiment of the present method, 
the comparisons are achieved by shifting the phase values 
relative to the phase signature and comparing after each shift 
to see if a match is Within a threshold value. In some embodi 

ments, the phase values are shifted, While in other embodi 
ments the phase signature is shifted. As indicated by the 
dashed lines, steps 922, 924, 926 and 928 are optional.At step 
922, the scale of the modulation depth is adjusted to provide 
better comparisons. In a ?rst embodiment, a scale value asso 
ciated With phase signature is adjusted. In a second embodi 
ment, a scale value associated With the phase values is 
adjusted. Similarly, at steps 924 and 926, a relative frequency 
offset or constant phase shift is calculated, respectively. 
Again, these can be calculated in relation to either the phase 
signature or the phase values. Either Way, the relative rela 
tionship betWeen the phase values and the phase signatures 
folloWing these processes Will minimize an error computa 
tionused to provide for the comparison. At step 928, a Weight 
ing factor based upon a magnitude signature that corresponds 
to the phase signature being applied is used to further reduce 
the error computation, by providing a Weighting that reduces 
signal to noise ratio artifacts. Once a comparison has been 
made, for example by calculating an error and comparing it to 
a threshold value, step 920 indicates that a portion of the 
signal under test matches the phase signature. In a ?rst 
embodiment, the indication is provided by producing a trig 
ger signal. In an alternative embodiment, this indication is 
provided by associating a marker With the portion of the phase 
values that correspond to the phase signature. 

The embodiments described above relate to a real-time 
trigger that is implemented in hardWare, such as an ASIC, 
FPGA or other customiZed circuitry. By implementing this in 
hardWare, the comparison can be made and a trigger signal 
generated in real time, meaning that the trigger can be pro 
duced Without dropping a sample or reducing the sample rate. 
In an alternative embodiment, these structures and operations 
can be implemented in softWare running on a programmable 
processor, such as a general purpose processor, a digital sig 
nal processor, or other processor capable of running softWare. 
This alloWs for post process analysis to identify matches to 
the modulation signatures. In a further embodiment, Where 
hardWare has been provided to perform this operation in real 
time, the trigger generator circuit 40 is used to provide post 
process analysis. In this embodiment, the processor 32 pro 
vides data from an acquisition memory 36, or other storage to 
the trigger generator 40. If a match is found to a modulation 
signature, the trigger signal is used to provide a marker asso 
ciated With the stored signal. This can be accomplished by 
having the trigger Write to the memory directly as shoWn in 
FIG. 10, or by providing a communication path (not shoWn) 
back to the processor 32. 

Particular aspects of a signal under test can be found, or 
identi?ed, by combining both phase signatures and magni 
tude signatures. For example, a phase signature trigger can be 
combined With a magnitude trigger by ANDing each com 
parators trigger signals to provide a resulting trigger signal 
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When the logic condition is met. Alternatively, a trigger could 
be constructed by ORing phase signature triggers, and mag 
nitude signature triggers. 

In a further embodiment, the signature triggers described 
above could be implemented sequentially to ?nd complicated 
triggers. The ?rst trigger could use a ?rst method, or a ?rst 
signature, and subsequent triggers could use a different 
method, or signature, to construct a trigger system that Would 
be able to ?nd a portion of a signal under test containing more 
complicated signatures. 

Modulation signature triggers may be useful to search a 
symbol pattern in a symbol sequence. Recent digital modu 
lations use phase information to carry messages. HoWever, 
absolute phase and absolute timing are often unknown to a 
receiver. To determine the absolute phase and time, ?nding 
?xed symbol patterns is helpful. Embodiments of the present 
invention simplify the pattern search. Ordinary symbol by 
symbol pattern search needs to prepare and compare all pos 
sible phase patterns. Especially, if the modulation type is 
Offset Quadrature Phase-Shift Keying (OQPSK), or similar 
modulation type, a conventional symbol search has to look at 
tWo types of decoded symbol sequences: In-Phase ?rst sym 
bol sequence and Quadrature-Phase ?rst symbol sequence. 
Embodiments of the present invention deal With the half 
symbol shift by preparing the desired symbol signature at half 
symbols. 
What is claimed is: 
1. A test and measurement instrument comprising: 
a signal input to obtain magnitude values or phase values 

corresponding to a signal under test; 
a detector to compare the magnitude values, or the phase 

values against a modulation signature; and 
a comparator to generate a trigger signal When a portion of 

the signal under test matches the modulation signature; 
Wherein the modulation signature is a phase signature; and 
Wherein the detector compares the difference betWeen the 

phase values of the signal under test and the phase sig 
nature. 

2. The test and measurement instrument of claim 1, 
Wherein the detector applies Weighting based upon a magni 
tude signature corresponding to the phase signature. 

3. A method comprising the steps of: 
obtaining magnitude values or phase values for a signal 

under test; 
comparing the magnitude values or phase values against a 

modulation signature; and 
indicating that a portion of the signal under test matches the 

modulation signature; 
Wherein the step of comparing phase values against a 

modulation signature further comprises subtracting a 
phase signature from the phase values to obtain a phase 
differences signal. 

4. The method of claim 3, further comprising calculating a 
straight line ?t to the phase differences. 

5. The method of claim 4, further comprising providing a 
magnitude signature along With a phase signature and apply 
ing a Weighting factor based upon the magnitude signature 
When calculating the straight line ?t. 

* * * * * 


